Objective: To clarify whether supplementation of vitamin E can alter the low density lipoprotein (LDL) oxidation properties and thereby affect endothelial cell function and prostacyclin production in smokers compared to nonsmokers on diets rich in fish in a pilot study. Design: The LDL of six smokers and six nonsmokers on habitual high fish diet was isolated before and after an 8-week supplementation of vitamin E (800 IU/day). LDL was oxidized by incubation with CuSO 4 . Cytotoxicity of LDL oxidized to different degrees on endothelial cells was investigated in vitro in these two groups. Setting: Helsinki University Central Hospital; Institute of Biomedicine, Pharmacology, University of Helsinki. Results: At baseline, the rate of oxidation was higher in nonsmokers than in smokers. The lag phase increased significantly after the supplementation of vitamin E both in smokers and nonsmokers. Native LDL dose dependently tended to reduce the viability of endothelial cells in vitro more markedly when isolated from smokers than from nonsmokers. Vitamin E supplementation had no beneficial effect on the cytotoxicity of oxidized LDLs in endothelial cell culture. On the other hand, simultaneous administration of Trolox s , the water-soluble analogue of vitamin E, attenuated the LDL cytotoxicity on endothelial cells. The vitamin E supplementation to LDL donors attenuated the increase in prostacyclin production both in smokers and nonsmokers. Conclusion: Supplementation of LDL donors (healthy male volunteers on habitual fish diet) with vitamin E increased the lag phase of LDL oxidation, but, on the other hand, did not influence in vitro cytotoxicity of LDL, or prostacyclin production.
Introduction
Dietary fatty acids are important determinants of serum lipoproteins and thus important components of cell membranes. Size and fatty acid composition of low density lipoprotein (LDL) affect the oxidation capacity (Esterbauer et al, 1992) . Most reports suggest that intake of n-3 fatty acids promote increased peroxidation of LDL in vitro and in vivo (Korpela et al, 1999; Pedersen et al, 2003; Roberts et al, 2003) . However, it has also been reported on unaltered peroxidation with dietary intake of n-3 fatty acids (Piolot et al, 2003) .
Oxidated LDL can be found in atherosclerotic lesions, and oxidization of LDL is one of the key steps leading to lipid accumulation in macrophages. Moreover, ox-LDL reduces nitric oxide production in the endothelium (Liao et al, 1995) . Oxidation of LDL may be induced by free radical production by macrophages or leukocytes (Chisolm et al, 1999) . Free radical production associated with metabolic processes is another important cause for oxidation of LDL (Esterbauer et al, 1992; Reaven & Witztum, 1996) .
Smoking is regarded as a risk factor for cardiovascular diseases, but the exact mechanism underlying the smokingrelated arterial wall damage is not known. Smoking elevates the concentrations of LDL and triglycerides and lowers the concentration of high density lipoprotein (HDL) (Graig et al, 1989) . Smoking-derived free radicals promote peroxidation of lipids and proteins (Frei et al, 1991) . Several studies have explored the relation between smoking and LDL oxidation (Harats et al, 1989; Princen et al, 1992; Marangon et al, 1997; Gouazé et al, 1998) , but the results are conflicting.
Antioxidants protect tissues against free radical-induced lipid peroxidation. Vitamin E is the most abundant lipidsoluble antioxidant in LDL, and it has several biological functions, which may play role in the development of atherosclerosis. Vitamin E attenuates the production of leukotrienes and potentiates the release of prostacyclin (Tran & Chan, 1990) and inhibits the proliferation of vascular smooth muscle cells (Boscoboinik et al, 1991) . It also inhibits platelet adhesion and aggregation (Murohara et al, 2002) as well as expression and function of adhesion molecules (van Dam et al, 2003) . Furthermore, vitamin E is the most effective antioxidant in LDL as measured by the capacity to prevent oxidation reaction (Esterbauer et al, 1992) . Oxidation of the polyunsaturated fatty acids in LDL starts only after the antioxidants contained in the lipoprotein particle have been consumed. The resistance of LDL particle to oxidation caused by the endogenous antioxidant capacity is referred as the lag phase. Vitamin E acts as antioxidant by donating the hydrogen of its phenolic hydroxyl group to a lipid peroxyl radical resulting in its conversion to vitamin E radical. In vitro studies have indicated that vitamin E can also act as pro-oxidant for LDL in different LDL oxidizing systems (reviewed in Neuzil et al, 2001 ). Some interventional trials have shown preventive effects of vitamin E on atherosclerosis (Stephens et al, 1996) whereas most large studies have failed to demonstrate such preventive effects (Rapola et al, 1996; GISSI Prevenzione trial, 1999; Yusuf et al, 2000; Hodis et al, 2002) .
Vitamin E and its water soluble analogue, Trolox s (6-hydroxy-(2,5,7,8-tetramethylchroman-2-carboxylic acid), increase the cellular resistance against the cytotoxic effect of ox-LDL by blocking the formation of cellular thiobarbituric acid reactive substances (TBARS) and sustained calcium rise (Mabile et al, 1995) . Belcher et al (1993) reported that the cytotoxic effect of human ox-LDL on porcine aortic endothelial cells in vitro was abolished by 2 weeks' supplementation of the LDL donors with vitamin E (800 IU/day).
In our previous studies, we have reported that partially oxidized LDL is both functionally and biochemically reactive (Lähteenmäki et al, 1998 Seppo et al, 2000) . In addition, in persons who consumed preferentially fish, the oxidation was enhanced compared to LDL isolated from vegetarians (Korpela et al, 1999) . There were also some differences between different diet groups in vitro in the vasoactive responses in rat vessel segments Seppo et al, 2000) .
The aim of the present study was to clarify whether prolonged vitamin E supplementation of LDL donoring subjects alters oxidation of LDL as well as biological and toxic effects of LDL on cultured endothelial cells. The used LDL was isolated from plasma of healthy male volunteers on habitual fish diet.
Subjects and methods

Subjects and diet
In all, 12 men (aged 25-64 y) on a habitual fish diet (Z100 g/day) were selected for this study. The amount of fish consumed was estimated by an interview using a validated questionnaire (Pietinen et al, 1988) . The exclusion criteria were: consumption of fish less than 100 g/day, any drug treatment, intake of vitamins or herbal medicines, and elevated total serum cholesterol Z6.5 mmol/l. Six of the subjects were smokers and six nonsmokers. Smokers had smoked regularly at least 10 cigarettes/day for at least 5 y. None of the nonsmokers had smoked for years. The study was approved by the Ethics Committee of Helsinki University Central Hospital.
The Nutrica Programme with a Finnish database (Rastas et al, 1993) was used for calculation of the nutrient intake recorded by means of a frequency questionnaire accompanied by an illustrated book describing the quality of food and the quantity of portions (Pietinen et al, 1988) . The mean intake of fish was 160 g/day in the smokers and 197 g/day in the nonsmokers, three to four times higher than the mean intake in 25-64-y-old Finnish men (Männistö et al, 2003) . The mean intake of eicosapentaenoic acid (EPA) intake was calculated to be 0.52 g/day and the docosahexaenoic acid (DHA) intake 1.13 g/day in smokers, and 0.42 and 0.90 g/day in nonsmokers, respectively ( Table 1 ). The mean intake of EPA and DHA in the United States are only 0.1 and 0.2 g/day (Kris-Etherton et al, 2000). There were no statistically significant differences in the intake of any other nutrients between the groups.
Drugs and chemicals
Vitamin E, Tocovitan s 800 IU/day (Orion Ltd, Espoo, Finland) was supplemented for 8 weeks, both to the smokers and to the nonsmokers. The MTT, EDTA, ascorbic acid, bovine serum albumin and Minimum Essential Medium Eagle (D-valine modification) were purchased from Sigma Chemical Co. (St Louis, MO, USA). Trolox s was from Aldrich (Steinheim, Germany). HEPES, antibiotics, amphotericin B and fetal calf serum were obtained from Gibco Europe (Paisley, UK).
Isolation of lipoproteins and the oxidation of LDL Venous blood samples were taken on two separate days for the determination of plasma lipoproteins. On the first day after an overnight (12 h) fast, 40 ml blood was collected into vacutainer ethylenediamine tetraacetic acid (EDTA) tubes. Plasma was separated by centrifugation. Cholesterol and triglycerides were measured using an enzymatic, colorimetric test (Unimate 7 Chol, Cobas Mira S, Roche, Basel, Switzerland).
The VLDL and LDL were separated by centrifugation in a Beckman Ti 50.4 rotor (269 000 g, 3.5 h, þ 101C) in the presence of EDTA. Following the removal of the VLDL fraction by slicing the centrifuge tubes, the LDL was separated using the same rotor (155 000 g, 18 h, þ 101C). The EDTA was removed by gel filtration using Sephadex G-25 in phosphate-buffered saline (PBS) solution. Some of native LDL samples were oxidized by CuSO 4 (10 mM) in order to get 45% and totally ox-LDL. The oxidation of LDL samples and the calculation of oxidation percentage were performed as described earlier (Korpela et al, 1999) . The oxidation capacity curve was also measured in order to determine at which time point the oxidation should be stopped on the next oxidation process. After 1 week a larger blood sample was taken (200 ml), and lipoproteins were isolated in order to prepare differently oxidized LDL particles (about 0, 45 and 100%) as previously described.
Cell cultures
Endothelial cells were isolated from neonatal rat hearts as previously described . Cells were cultured in Minimum Essential Medium Eagle, D-valine modification medium containing fetal calf serum (10%), HEPES (15 mM), penicillin (100 U/ml), streptomycin (100 mg/ ml) and amphotericin B (1 mg/ml). The confluent cell cultures were used after the first passage. Prior to experiments the cells were rinsed twice with PBS, and the medium was changed to a serum-free medium containing HEPES, antibiotics and amphotericin B as described above.
The ox-LDL aliquots were dialyzed against PBS containing 0.13 mM EDTA at þ 41C overnight. LDL protein content was analyzed by the method of Lowry et al (1951) . Native and ox-LDLs were added to endothelial cell cultures and incubated for 24 h. The cytotoxic effect of lipoproteins was evaluated by mitochondrial-dependent reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) to formazan (Gross & Levi, 1992) . At the end of the experiment, the cells were incubated for 4 h with MTT (0.2 mg/ml). The medium was removed and the cells were solubilized in dimethylsulfoxide. The reduction of MTT to formazan was quantitated by spectrophotometry at 550 nm. The effect of antioxidants on LDL-induced cytotoxicity in vitro was evaluated by incubating endothelial cells with LDLs in the presence or absence of ascorbic acid and Trolox s (a water-soluble vitamin E analogue).
The synthesis of 6-keto-prostaglandin F 1a (6-keto-PGF 1a ), a stable conversion product of prostacyclin (PGI 2 ), was determined in the culture medium by a radioimmunoassay method as described previously (Sievi et al, 1997) . Since ox-LDL was found to react with the antisera, the background values (obtained from parallel incubation of ox-LDL in culture medium in the absence of cells) were subtracted from the results. Intracellular cyclic AMP was extracted with 0.1 M HCl and determined after neutralization using commercial radioimmunoassay (Amersham International, Buckinghamshire, UK). The concentrations were calculated on the basis of total cellular protein (Lowry et al, 1951) .
Statistics
The nutrient intake and serum lipid variables at the baseline and changes from baseline to the end of intervention were compared between smokers and nonsmokers using the t-test for independent samples. Analysis of variance for repeated measures was applied to study the effect of LDLs between smokers and nonsmokers on the in vitro cytotoxicity (Figure 2 ). The effect of LDLs (time effect), interaction effect and group effect (smokers vs nonsmokers) were tested. The time effect in this repeated measures design indicates the dose effect of LDL. The marginal means (eg the mean viability after exposing cultured endothelial cells for 24 h to 25, 50, 100, 200 and 300 mg/ml of LDL) were calculated and compared between smokers and nonsmokers. The analyses were performed with results obtained using LDL isolated before and after vitamin E supplementation and in conditions of native LDL, partially and totally oxidized LDLs.
In order to compare the results before and after vitamin E supplementation, the cytotoxicity results from 25, 50, 100, 200 and 300 mg/ml were summarized to their mean. The resulting cytotoxicity means before and after vitamin E supplementation were compared using paired samples t-test. The effects of vitamins E and C on LDL-induced cytotoxicity in vitro were compared with the results without antioxidants. The results based on LDL oxidation percentages 0, 45 and 100% (Figure 3) were again summarized to their mean and paired samples t-test was used for comparisons. Correspondingly, the results of LDL-dependent production of prostacyclin were summarized to their means using the LDL oxidation percentages 0, 45 and 100% (Table 3 ). The means before and after vitamin E supplementation were compared using paired samples t-test. The intracellular concentration of cyclic AMP was analyzed by one sample t-test.
Results
Serum lipid composition of the smokers and the nonsmokers is given in Table 2 . There were no statistically significant differences in serum lipid composition between smokers and nonsmokers.
LDL oxidation and rate of oxidation before and after 8 weeks supplementation with vitamin E are presented in Figure 1 . At baseline, the lag phase was similar while the rate of oxidation was higher in nonsmokers than in smokers (0.017 vs 0.015 Dabs/min, P ¼ 0.047). After supplementation of vitamin E the lag phase of LDL was prolonged (113 vs 168 min, Po0.001 in smokers and 86 vs 95 min, P ¼ 0.040 in nonsmokers), and the rate of oxidation was decreased (0.0162 vs 0.0144 Dabs/min, P ¼ 0.021 in smokers and 0.0053 vs 0.0042 Dabs/min, P ¼ 0.035 in nonsmokers). The prolongation of lag phase was more marked in smokers than in nonsmokers (69 vs 39 min, P ¼ 0.049).
All cell experiments were performed with native and oxLDLs obtained from nonsmokers and smokers, before and after vitamin E supplementation. The LDLs were oxidized to different degrees in order to get partially (approximately 45% oxidation) and totally oxidized LDL. Endothelial cells were exposed to native and ox-LDLs for 24 h and the cytotoxic effect was measured by the MTT-method. Native and oxLDLs were found to induce cytotoxicity in a dose-dependent manner regardless of the degree of the oxidation. The effect of native LDL tended to be bigger in smokers compared to nonsmokers at baseline (Figure 2a) . The marginal means for viability (eg the mean viability after exposing cells for 24 h to 25-100 mg/ml LDL) were 78 and 103% in smokers and nonsmokers, respectively (P ¼ 0.077, Figure 2a) . The difference between smokers and nonsmokers was significant after vitamin E supplementation with totally oxidized LDL; the means for viability were 70 and 85% in smokers and nonsmokers, respectively (P ¼ 0.018, Figure 2f ). The lag phase of LDL oxidation (a) and the rate of oxidation of LDL (b) before and after an 8-week vitamin E supplementation in the nonsmokers and smokers (mean7s.e.m., n ¼ 6 in each group). The rate of oxidation at baseline was higher in nonsmokers than in smokers (P ¼ 0.047). The lag phase of LDL was prolonged (Po0.001), and the rate of oxidation was decreased (P ¼ 0.021) during supplementation with vitamin E. The prolongation of lag phase was more marked in smokers than in nonsmokers (69 vs 39 min, P ¼ 0.049). 
Vitamin E and toxicity of oxidized LDL L Seppo et al
When the results of smoker and nonsmoker LDLs were combined significant changes were seen with totally oxidized LDL, where the marginal means for viability were 93 and 73% before and after vitamin E supplementation, respectively (P ¼ 0.002, Figure 2 ; c vs f). With native LDL the marginal means of viability were 91 and 80%, before and after supplementation, respectively (P ¼ 0.131, Figure 2 ; a vs d). With partially ox-LDL the corresponding figures were 91 and 81% (P ¼ 0.134, Figure 2; b vs e).
The effect of vitamin E on LDL-induced cytotoxicity on cultured endothelial cells was also studied in vitro by incubating LDL with cells in the presence of antioxidants. The LDL cytotoxicity was attenuated, when Trolox s (400 mM), the water-soluble analogue of vitamin E, was added to cultures simultaneously with LDLs (Figure 3) . The mean viability (results based on LDL oxidation percentages 0, 45 and 100% were summarized to their mean) of endothelial cells was 107% when compared with control cells during vitamin E and 78% in the absence of antioxidant (P ¼ 0.016). Vitamin C did not significantly reduce the cytotoxicity during the 24 h incubation (88 vs 78%; P ¼ 0.334). The results were similar in experiments performed with LDLs obtained from nonsmokers and smokers, before and after the vitamin E supplementation (data not shown).
The amount of 6-keto-PGF 1a , the stable conversion product of PGI 2 , released by the endothelial cells, was assayed in aliquots of the culture medium collected 24 h after the addition of native or ox-LDLs. The chosen LDL concentration (100 mg/ml) was not cytotoxic to cells as shown by the cytotoxicity assay (Figure 2 ). Ox-LDLs (45, 100%) obtained from nonsmokers and smokers induced PGI 2 production at the baseline as compared to the native LDL (Table 3 ). The vitamin E supplementation attenuated the increase in LDL-induced prostacyclin production in both study groups (P ¼ 0.005). The intracellular concentration of cyclic AMP, was significantly increased compared to the native LDL. The mean increase was 25% by the partially ox-LDL (P ¼ 0.002) and 27% by the totally ox-LDL (Po0.001) ( Table 3) .
Discussion
In the present study, we treated men on a fish diet (both smokers and nonsmokers) for 8 weeks with high doses of vitamin E. We then studied the cytotoxic and other biological effects of pre-and postvitamin E LDLs.
Our previous study in subjects on a habitual fish diet (mean intake of fish 320 g/day), demonstrated a significantly higher oxidation susceptibility of LDL than in those on a diet containing about 30 g/day of fish (Korpela et al, 1999) . A similar degree of oxidation susceptibility of LDL was observed in the nonsmoking fish group in our previous Table 3 LDL-related production of prostacyclin (measured as 6-keto-PGF 1a ) and cyclic AMP in endothelial cell culture during 24 h incubation (mean7s.e.m. percentage of untreated control cells (100%) (4-6 independent experiments))
Prostacyclin production (% of control) LDL oxidation (%) Nonsmokers  0  136760  145787  45  4067105  151757  100  3527150  156786   Smokers  0  239757  137767  45  317773  135772  100 235754 144798
Before vitamin E supplementation After vitamin E supplementation
Cyclic AMP production (% of control) LDL oxidation (%) Before vitamin E supplementation Nonsmokers  0  10178  9 8 711  45  12578  12075  100  12778  116715   Smokers  0  11279  120712  45  12679  135715  100 12674 121712
After vitamin E supplementation
The vitamin E supplementation attenuated the increase in LDL-induced prostacyclin production in both study groups (P ¼ 0.005). The cyclic AMP increased 25% by the partially ox-LDL (P ¼ 0.002) and 27% by the totally ox-LDL (Po0.001) as compared to the native LDL.
study. Also some but not all other studies have reported that intake of n-3 fatty acids promote increased peroxidation of LDL (Pedersen et al, 2003; Piolot et al, 2003; Roberts et al, 2003) . In the present study, the rate of LDL oxidation was significantly higher in nonsmokers than in smokers, whereas the lag phase of LDL oxidation did not differ significantly between the groups at baseline. In the earlier studies, smoking has been associated with increased oxidative stress (Harats et al, 1989; Heitzer et al, 1996; Reilly et al, 1996; Gouazé et al, 1998) . Smoking enhances oxidation for example by reducing antioxidant capacity (Dietrich et al, 2003) . There are also studies, where a significant association between smoking and decreased lag phase of LDL oxidation was not found (Princen et al, 1992; Marangon et al, 1997) .
Vitamin E is an endogenous antioxidant, which prevents LDL oxidation on the membranes (Meydani, 1995) . Vitamin E acts as antioxidant by donating the hydrogen of its phenolic hydroxyl group to a lipid peroxyl radical resulting in its conversion to vitamin E radical. Ex vivo measures of LDL resistance to oxidation have shown significant increases even at low doses of alpha-tocopherol (43-200 mg/day) (Princen et al, 1995; Maskarinec et al, 1999; Upritchard et al, 2003) . Antioxidant supplementation or increased consumption of fruit and vegetables has been reported to reduce the susceptibility of LDL to oxidation also in smokers (Princen et al, 1992; Roberts et al, 2003) . In fact, beneficial effects of vitamin E supplementation on atherosclerosis may be the most relevant to persons with initially low serum levels of vitamin E. In this study, the lag phase of LDL oxidation prolonged significantly in both the study groups, smokers and nonsmokers after 8 weeks supplementation of vitamin E. Moreover, the effect of vitamin E was greater in smokers than in nonsmokers, which has also been reported by Salonen et al (2003) .
In the present study, in both study groups (smokers and nonsmokers), native LDL was equally toxic as oxidized LDL in agreement with our previous report . However, a tendency towards lesser toxicity of native LDL from nonsmokers was observed (P ¼ 0.077). The number of subjects enrolled in our study was relatively small and the difference between the groups was not statistically significant. However, the cell viability was mean 25 units lower in smokers than in nonsmokers. Earlier studies have shown that endothelial-dependent vasodilation is impaired in smokers compared to nonsmokers (Barua et al, 2003; Fennessy et al, 2003) . The cytotoxicity of native LDL was not affected by vitamin E supplementation.
The toxic effects of partially and totally oxidized LDL did not differ between the smokers and nonsmokers at baseline. An 8-week-treatment with high doses of vitamin E rather increased than decreased the toxicity of totally oxidized LDL. In contrast, Belcher et al (1993) reported that the cytotoxic effect of human ox-LDL on porcine aortic endothelial cells in vitro was abolished by 2 weeks' supplementation of the LDL donors with the same dose of vitamin E as that used in the present study. Our results on vascular endothelial cell culture are contradictory to the present hypothesis postulating that antioxidants reduce cell damage (Estrada-García et al, 2002) . In a study by Weinberg et al (2001) , in accord to our study, smokers consumed a high polyunsaturated fat diet. Addition of vitamin E (800 IU/day) to the diet prolonged the mean LDL oxidation lag time, but further increased F 2 -isoprostanes, which are used as indicator of global in vivo oxygenderived free radical stress. Fuller et al (2000) found that supplementation with vitamin E (400 IU/day) among young smokers increased the lag phase of LDL oxidation, but, however, the more relevant neutrophili values were not affected by vitamin E supplementation. Azzi (2004) reviewed the studies in different animal models, and found LDL oxidation not constantly to correlate with atherogenic events. The disparities between the studies may partly be explained by the intensity of smoking, the source and dose of vitamin E, the type of dietary fatty acids, and the plasma concentration of coantioxidants such as ascorbate (Salonen et al, 2003) . A positive effect of vitamin E and C has also been described in renal patients (Futrakul et al, 2002) . In this study, it is noteworthy that LDL obtained before and after vitamin E supplementation, was oxidized by CuSO 4 in order to get partially and totally oxidized LDL. This may explain the modest effect of vitamin E supplementation.
To confirm the validity of some of our methods, Trolox s , the water-soluble analogue of vitamin E and water-soluble vitamin C were added to endothelial cell culture to protect against the toxicity of LDL. Vitamin E but not vitamin C had a clear protective effect. This can be explained by the experimental procedure and time schedule during which the fast reactivity of vitamin C might already have been disappeared (Esterbauer et al, 1992) . It has been earlier reported that Trolox s exhibites higher cytoprotective effect than fat soluble vitamin E (Mabile et al, 1995) . In the present study, when subjects were treated with antioxidants for weeks before the isolation of LDL and its oxidation, no beneficial effects could be seen, although vitamin E was protective in endothelial cells in vitro when added simultaneously with LDL to the culture medium.
Endothelium-derived prostacyclin (PGI 2 ) dilates blood vessels and inhibits platelet aggregation (reviewed by Vane & Botting, 1995) . In advanced atherosclerotic lesions PGI 2 production is decreased. Lipid peroxides are cytotoxic to endothelial cells, they accelerate the uptake of LDL by endothelial and smooth muscle cells and inhibit PGI 2 synthesis. In our study, in addition to the viability of the endothelial cells, their functional properties, expressed as the production of prostacyclin, were measured in the presence of LDLs from smokers and nonsmokers. Prostacyclin was produced similarly in both groups, independently of the smoking habits. However, increasing the oxidation rate augmented also the 6-keto-PGF 1a formation possible due to the activation of phospholipase A 2 and thus the increase of the substrate for prostanoid production. In accordance with the enhanced toxicity of oxidized LDL, when the subjects were pretreated with vitamin E, also the production of prostacyclin was decreased by different LDL oxidation products. The literature concerning effects of LDL on PGI 2 production has been contradictory (Thorin et al, 1994; Vinals et al, 1997; Lähteenmäki et al, 2000) . One explanation for the results may also be the differences in cell lines and culture conditions as well as the incubation time and the cell density.
In conclusion, native oxidized LDL isolated from the smokers living on high fish diet dose dependently tended to reduce the viability of endothelial cells in vitro more markedly than in nonsmokers. Supplementation of LDL donors (healthy male volunteers on habitual fish diet) with vitamin E increased the lag phase of LDL oxidation, but on the other hand no beneficial effects could be seen in vitro in cytotoxicity of LDL on endothelial cells, or in prostacyclin production. However, the clinical relevance of this pilot study warrants further studies on a larger member of subjects.
